Information on the Aphis species that feed on evening primroses (Oenothera spp.) has been summarized in the catalogue of the aphid species inhabiting herbaceous plants of the world (Blackman & Eastop, 2006 (epilobiaria, fabae, sambuci, praeterita, frangulae, nasturtii), are opportunistic inhabitants of Oenothera plants. Information about host specificity and morphology of the Oenothera-inhabiting European Aphis species is summarized, and a key for the entire range of species found living on European Oenothera is provided.
Introduction
Plant species of the genus Oenothera (evening primroses), have decorative, medical and cosmetical value [1] . Until the latter part of the twentieth century, there have been no reports about species of aphids specifically adapted to the plant genus Oenothera in Europe [2, 3] . Commonly, A. grossulariae was known to be a host alternating between Ribes spp., and various herbaceous hosts of the family Onagraceae, including Oenothera spp. Yet the principal summer hosts of this aphid species are Epilobium spp., while reports of A. grossulariae living on evening primroses were rare [4, 5] , although experimental transfers of A. grossulariae to Oenothera biennis were perfomed in Poland successfully [6] . Therefore, feeding on primroses may be seen as an opportunistic feature of A. grossulariae, similar to polyphagous species as reported with Oenothera spp.: A. fabae [7] ; A. frangulae [8] ; A. sambuci [4] ; A. nasturtii [9] .
The first reference to the Nearktic aphid species, Aphis oenotherae, being introduced in Europe, was by Hille Ris Lambers [10] . Later on, A. oenotherae has been discovered in Germany [9, 11] , Poland [12, 13] , Sicily [14, 15] , Spain [8] , Serbia [16] , Great Britain [17] , Belarus [18] , Lithuania [19] , Ukraine (R. Rakauskas, unpublished data). In addition, Fauna Europaea database reports A. oenotherae in France and Slovakia [20] . Recently, Holman [21] added Czech Republic to the list of countries where A. oenotherae is found. This species is reported from Oenothera, and some other hosts from the plant family, Onagraceae in Europe [12] , while in America, it is known to be holocyclic, alternating between Ribes spp. and Epilobium herbs, with other species of Onagraceae family including Oenothera spp.
Species of Aphis inhabiting European Oenothera:
their biology, morphology and systematics (Hemiptera: Aphididae) [5, 22, 23] . Recently, holocyclic clones of A. oenotherae have been reported in Poland [24] and Lithuania [19] , and have been described as a new species, Aphis holoenotherae [25] . The goal of this paper will be to summarize the present knowledge of the species of the genus Aphis which inhabit Oenothera herbs in Europe.
Experimental Procedures
556 apterous, 330 alate viviparous females, 15 fundatrices, 58 oviparae and 54 males were used in this study, representing 6 clonal and 66 field samples from 16 countries (Table 1, Figure 1 ). Twenty-six morphological characters were measured or counted in most cases, specifically those commonly used in keys ( Table 2) . Many of the measured and examined characters are illustrated by [26] . Measurements were performed by means of a Carl Zeiss microscope ocular micrometer and utilized the interactive measurement system, MicroImage (Olympus Optical Co. GmbH). All calculations were made by STATISTICA for WINDOWS 5.5 version software [27] .
The clonal material of A. grossulariae (the list of clones, rearing methods and morphological characters have been described earlier [19, 28] ), and A. holoenotherae was used to find the most reliable morphological characters for discrimination between the two species.
Information on the host plants was taken from the labels or identified in the field by methods employed by Rostanski et al. key [29] . Host plants of the samples collected by K. Rostanski were identified by him. Data concerning the distribution of the host plants and the synonymy of plant names, is in accordance with Rostanski et al. [29] . The deposition of aphid material used is provided in Table 1 . O. -Oenothera; fx -fundatrix; ap -aptera; al -alata; ov -ovipara.* indicates samples/clones that were also used for DNA sequencing (J. Turčinavičienė and R. Rakauskas, unpublished data, see also [38] ).
Results and Discussion

Host specificity and life cycles
Until now, only one Aphis species, A. oenotherae, has been reported to be specifically associated -in its life cyclewith Oenothera herbs in Europe. It was anholocyclic and presumed to be derived from the Nearctic A. oenotherae that lost its connection with its primary hosts, currants and gooseberries (Ribes spp.), following its introduction to Europe at the end of the last century (20 th ) [12, 14, 17] . It was discovered in Europe on the following host plants: Oenothera biennis [8, 9, [11] [12] [13] 16] , O. erythrosepala and O. stricta [14, 15] , Baccharis halimifolia (Asteraceae) ( [8] ). The life cycle and host specificity of the German clones of A. oenotherae were studied in detail by Müller [12] , including successful transfer experiments to other herbaceous hosts of the There are several reports of other Aphis species inhabiting evening primroses. Specifically, A. grossulariae was found on O. fruticosa L. [34] , O. biennis L. [6] , Oenothera sp. [35] . The author of the present paper has collected parthenogenetic apterous and winged females, together with oviparae, males and winter eggs of A. epilobiaria and A. praeterita from second year plants of Oenothera spp. in Southern Bohemia (Czech Republic, see Table 1 ). Larvae that hatched the following spring failed to complete their development on O. biennis in rearing cages. It is generally know that A. epilobiaria and A. praeterita are holocyclic monoecious on Epilobium hirsutum, and there are some reports from other Epilobium species as well [4, 36] . Therefore, this may be treated as an occasional infestation of a untypical host, much as reports of the polyphagous Aphis species (A. fabae, A. frangulae, A. sambuci L. and A. nasturtii), that are not associated specifically with Oenothera spp.
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Morphology
Most of the Aphis species that might inhabit Oenothera hosts in Europe are easy to distinguish. Certain problems with morphological identification occur while discriminating between A. grossulariae and A. oenotherae. These two species, although having distinctly separate life-cycles and host specificity characteristics, are not easy to discriminate by means of their morphology [4, 12] . The problem has been already discussed [18] and seems to be resolved in the key provided below. A special case concerns the problem of morphological separation between the Palaearctic A. holoenotherae (monoecious holocyclic on Oenothera spp.) and Nearctic A. oenotherae (alternating between Ribes spp. and various Onagraceae herbs including primrose). Selected characters of both taxa are given in Tables 3-4 . A. holoenotherae is represented in those tables by the type material from Skirgiškes, Vilnius region, Lithuania (see Table 1 ). Nearctic A. oenotherae is represented by samples from Manitoba and Ontario (Canada). This is because the locus typicus of A. oenotherae is Minnesota, USA [37] , and the provinces of Canada cited above are located near Minnesota. Table 3 . Morphometric data of apterous viviparous females of A. oenotherae (samples from Manitoba and Ontario) and the type series (see Table 1) of A. holoenotherae from Lithuania (extreme values and mean ± s. d. in parentheses). Similar data of A. oenotherae (after [31] ) are given for comparison. Characters of discriminative value are in bold. Character abbreviations the same as used in Table 2 . All lengths in μm.
Figure 2.
Box and whisker plot of processus terminalis length for the apterous viviparous females of Aphis on Oenothera spp. from Lithuania and Poland (samples/clones containing also oviparae and/or males), Canada and USA. Sample abbreviations the same as used in Table 1 . ) males (see Table 1 ), eleven samples/clones altogether) and from North America (7 samples altogether). The length of processus terminalis appeared to be the most useful while separating European Aphis samples from those in Nearctics. Specifically, A. holoenotherae apterous viviparous females from Europe contain processus terminalis shorter than 200 μm mostly, while those from Nearctic exceed this value (Figure 2) . When the apterae from Eastern and Central Europe were examined (samples lacking oviparae and/or males, 28 samples altogether, The information on the morphological characters of all morphs available in our samples listed above, has been summarized in the Table 1 , column, "our morphological identification". Most of the samples/clones from Lithuania, Belarus, Poland, Ukraine, Czech Republic, Slovakia and Germany (36 out of 40) seemed to resemble A. holoenotherae in their morphology, or close to it (see Table 1 ). The collection sites of these are marked by solid black circles in the Figure 1 . Most of the samples from France, Italy, Sicily, Spain and Great Britain (9 out of 11), were intermediate in their morphology between A. holoenotherae and A. oenotherae. Their collection sites are marked as a solid black rhombus in the Figure 1 . Noticeably, characters coincided in all morphs available in the sample, with a few exceptions only. Specifically, in one sample from Katowice (abbr. Katowice99 in Table 1 . 
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Molecular data
Partial sequences of mitochondrial COI and nuclear EFα1 of eight European, one Korean, and one American samples of Oenothera feeding Aphis species (marked by an asterix in Table 1 ) were analyzed, together with some Nearctic samples of currant inhabiting Aphis species. All Palaearctic samples appeared closely similar and were listed separately from the Nearctic samples in the maximum parsimony analysis, based on both mitochondrial and nuclear sequences (J. Turčinavičienė and R. Rakauskas, unpublished data, see also [38] accessory hairs on the ultimate rostral segment). Unique characters separating the particular species are given in bold. Characters abbreviated as in Table 2 . Table 6 . Key to the European Oenothera -inhabiting species of the genus Aphis (subgenus Aphis s. str.) (apterous viviparous females having 2-4 accessory hairs on the ultimate rostral segment). Unique characters separating the particular species are given in bold. Characters abbreviated as in Table 2 . accessory hairs on the ultimate rostral segment). Unique characters separating the particular species are given in bold. Characters abbreviated as in Table 2 .
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